ETCHING METHOD 
AND SEMICONDUCTOR DEVICE FABRICATING METHOD 



Cross-Reference to Related Application 

This application claims priority under 35USC 119 from Japanese 
Patent Application No. 2003-149057, the disclosure of which is 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an etching method for forming a 
via hole or interconnection groove in a low-k film (an insulating film 
having a low dielectric constant) used in a multilayer interconnection 
structure of a semiconductor integrated circuit, and to a semiconductor 
device fabricating method using this etching method. 
Description of the Related Art 

In recent years, as the miniaturization of semiconductor devices 
advance, the importance of multilayer interconnection technology has 
been increasing in addition to the importance of the miniaturization of 
transistors. Additionally, it is becoming increasingly important to reduce 
interconnect delay in multilayer interconnection. As one method of 
reducing interconnect delay in multilayer interconnection, it is known 
that a low-k film can be effectively used in place of the oxidation film that 
has been used up to this point as an interlayer insulating film. 

However, in a case where a low-k film (here, an organic SOG film) 
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is used as an interlayer insulating film, the etching shape of a hole 
pattern bottom portion changes to a shape called a trench where etching 
speeds at the center and at the end of a pattern greatly differ. 

In this trench, since etching progresses more rapidly at the bottom 
end of a pattern than at the center of the pattern, it is difficult to stop the 
etching at a desired depth even if an etch stop layer is used. For this 
reason, problems arise in that, at the pattern end portion where the 
etching speed is high, the etch stop layer is pierced and underlayer 
interconnection (e.g., copper interconnection) is exposed to plasma, and 
in an etching condition including oxygen, the surface of the copper 
interconnection is oxidized and contact resistance rises. 

In addition, because the trench of the pattern bottom portion 
forms minute slits, these slit portions may not be covered by a barrier film 
such as Ta and TaN used as a copper diffusion-preventing film. When 
portions not covered by the barrier film are present, copper diffuses from 
those portions, which can cause a short circuit with adjacent 
interconnection and exert a large influence on transistor properties (see 
M. Mizumura et al., JJAP, Vol. 41, pp. 425-427; and S. Uno et al., Proc. of 
Dry Process Symp., pp. 215-220 (1999)). 

In order to solve this problem, Japanese Patent Application Laid- 
Open Publication (JP-A) No. 2001-077086 discloses an etching method 
where the mixing ratio (0 2 /(C 4 F 8 +0 2 )) of a mixed gas of C 4 F 8 and 0 2 
serving as an etching gas is controlled, the etching speed of an organic 
SOG film is improved and the etching shape (via hole shape) of a hole 
pattern bottom portion is stabilized. 
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In JP-A 2001-077086, a stable etching shape (via hole shape) of 
the hole pattern bottom portion can be created. However, technical 
demands of recent years continue to escalate. Moreover, the current 
state of affairs is one in which improvements are being anticipated. 

SUMMARY OF THE INVENTION 
The present invention is devised in order to solve the above- 
described conventional problems and achieve the following object. 
Namely, it is an object of the present invention to provide an etching 
method that stabilizes the etching shape of a low-k film and a 
semiconductor device fabricating method using this etching method. 
This is achieved by the following means. 

Namely, an etching method of the invention is characterized in 
that plasma etching is conducted under an etching gas atmosphere 
including a fluorocarbon gas, 0 2 gas and Ar gas, and under the conditions 
of a pressure of 60 mTorr (7999.32 mPa) or higher and a high-frequency 
output (RF power) of 600 W or less. 

A semiconductor device fabricating method of the invention is 
characterized in that the above-described etching method of the invention 
is applied during an etching step for plasma-etching an interlayer 
insulating film comprising a low-k film. Specifically, in a semiconductor 
device fabricating method including the steps of: forming a first 
interconnection; forming a low-k film as an interlayer insulating film on 
the first interconnection; forming a contact hole in the interlayer 
insulating film comprising the low-k film, for electrically connecting the 
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first interconnection and the second interconnection; and forming an 
interconnection groove for embedding the second interconnection in the 
interlayer insulating film comprising the low-k film, the etching method of 
the invention is applied to at least one of the hole forming step and the 
interconnection groove forming step. 

In the invention, the fluorocarbon gas preferably includes at least 
one selected from the group consisting of C 4 F 8 , C 5 F 8 , C 4 F 6 and C 3 F 6 . 

In the invention, the low-k film is preferably one selected from the 
group consisting of an organic SOG film, an SiOC film and a pure organic 
film. 

In the invention, the semiconductor device may have a structure 
where an etch stop layer is not formed under the interlayer insulating film 
comprising the low-k film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing the relationship between etching 
pressure and the depth of a trench generated in a via hole pattern bottom 
portion; 

Fig. 2 is a diagram showing the relationship between RF power and 
the depth of a trench generated in a via hole pattern bottom portion; and 

Figs. 3A to 3F are process diagrams showing a semiconductor 
device fabricating method representing a second embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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Examples of embodiments of the invention will be described below 
with reference to the drawings when appropriate. It should be noted that 
the same reference numerals will be given throughout the drawings to 
elements having substantially the same functions and that description 
thereof may be omitted. 
(First Embodiment) 

In a first embodiment, a magnetron reactive ion etching device 
(RIE device) is prepared, a substrate having a low-k film (an insulating 
film having a low dielectric constant) is placed therein, and the low-k film 
is plasma-etched to form a hole. 

With respect to the etching conditions, the plasma etching is 
conducted under an etching gas atmosphere including a fluorocarbon gas, 
0 2 gas and Ar gas, and under the conditions of a pressure of 60 mTorr 
(7999.32 mPa) or higher and a high-frequency output (RF power) of 600 W 
or less. When plasma etching is administered under these conditions to 
form a hole in the low-k film, the generation of a trench in the hole pattern 
bottom portion can be suppressed and stabilization of the etching shape 
can be achieved. 

The etching pressure should be 60 mTorr (7999.32 mPa) or higher, 
it is preferably 60 to 120 mTorr (7999.32 to 15998.64 mPa) and more 
preferably 60 to 70 mTorr (7999.32 to 9332.54 mPa). The high-frequency 
output (RF power) should be 600 W or less, it is preferably 400 to 600 W 
and more preferably 500 to 600 W. 

Examples of the fluorocarbon gas used in the etching include C 4 F 8 , 
C 5 F 8 , C 4 F 6 and C 3 F 6 . From the standpoint of achieving a balance between 



etching grade and processing shape, it is preferable to use C 4 F 8 . These 
fluorocarbon gases may be used singularly or in combinations of two or 
more. 

The ratio of 0 2 to a combined amount of the fluorocarbon gas and 
0 2 (the 0 2 /(fluorocarbon+0 2 ) mixing ratio) is preferably 20 to 50% from 
the standpoint of stabilizing the etching shape, more preferably 20 to 30%, 
and even more preferably 20 to 25%. 

The low-k film can be selected from the group consisting of an 
organic SOG film, an SiOC film and a pure organic film. Here, the pure 
organic film refers to an organic film that does not include Si but includes, 
as main components thereof, C, O and H. 

Fig. 1 shows the relationship between etching pressure and the 
depth of a trench generated in the via hole pattern bottom portion when a 
via hole is formed in the organic SOG film by conducting plasma etching 
while varying etching pressure under the conditions of the etching gas 
(mixed gas of C 4 F 8 /0 2 /Ar [mixing ratio: 15/5/500 seem]) and an RF 
power of 1200 W. In Fig. 1, a trench depth L refers to the depth from a 
trench center (a) to an end portion (via hole bottom portion) (b). 

As shown in Fig. 1, when the etching pressure is 60 mT or higher 
under a condition that the etching gas and the RF power of 1200 W are 
constant, the trench depth L is suppressed to about 50 nm. 

Similarly, Fig. 2 shows the relationship between RF power and the 
depth of a trench generated in the via hole pattern bottom portion when a 
via hole is formed in the organic SOG film by conducting plasma etching 
while varying the RF power under the conditions of the etching gas (mixed 
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gas of C 4 F 8 /0 2 /Ar [mixing ratio: 15/5/500 seem]) and an etching 
pressure of 40 mTorr (5332.88 mPa). 

As shown in Fig. 2, the trench is suppressed at RF power of 800 W 
or less under a condition that the etching gas and the etching pressure of 
40 mTorr are constant. The trench depth L is suppressed to 10 to 20 nm 
at RF power of 400 W or less. 

In this manner, in the present embodiment it becomes possible to 
suppress the trench generated in the hole pattern bottom portion simply 
by using a specific etching gas and controlling the pressure and RF power 
as the etching conditions, whereas conventionally the type and mixing 
ratio of the etching gas are controlled as the etching conditions. 
Specifically, it is possible to suppress the trench depth to, for example, 30 
nm or less under an etching gas atmosphere including a fluorocarbon gas, 
0 2 gas and Ar gas, under an etching pressure of 60 mT or higher and RF 
power of 600 W or less; i.e., high pressure and low RF power conditions. 

Although the reason for this achievement is not entirely 
understood, it is believed to be as follows. The following two points are 
thought of as trench generating mechanisms. One is a mechanism where, 
when an etched reaction product is again made incident and deposited, a 
trench is generated in the hole pattern end portion since the etched 
reaction product deposits more thinly at the vicinity of the hole pattern 
end portion than at the center portion. The other is a mechanism where 
ions that are made incident from the plasma are reflected on an etched 
side wall and those ions are concentrated at the hole pattern bottom end 
portion, whereby a trench is generated. 
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Therefore, it is thought that the evenness of the reaction product 
deposited at the pattern bottom portion is improved by raising pressure 
during etching, and that ions reflected by the side wall can be deterred 
from concentrating at the hole pattern bottom end portion by lowering RF 
power, to thereby suppress trench generation. It is also thought that, by 
so doing, etching speeds at the bottom portion center and the end portion 
of the hole pattern become constant. 

It should be noted that, although an embodiment where a hole 
such as a via hole is formed in the low-k film has been described here, the 
same effect can also be provided in a case where, for example, a groove 
such as an interconnection groove is formed. 
(Second Embodiment) 

Figs. 3A to 3F are process diagrams showing a semiconductor 
device fabricating method representing a second embodiment of the 
invention. 

The present embodiment is one where the first embodiment is 
applied to a method of fabricating a semiconductor device having a dual 
damascene structure without an etching stopper where an etch stop layer 
is not formed under an interlayer insulating film comprising a low-k film 
(an interlayer insulating film is formed on a layer different from an etch 
stop layer). 

Specifically, Cu interconnection 12 (first interconnection) is 
formed on a lower insulating film 10, and then a silicon nitride film 
(diffusion-preventing film) 1 1 is formed on the Cu interconnection layer 
12. Thereafter, a low-k film 13 is formed as an interlayer insulating film 
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on the silicon nitride film 11 (Fig. 3A). Next, a cap oxidation film 
(diffusion-preventing film) 14 is formed on the low-k film 13 (Fig. 3B). 
Next, a photoresist film 15 is coated on the cap oxidation film 14 and 
patterning for a via hole is conducted using a photolithographic 
technique (Fig. 3C). Thereafter, the cap oxidation film 14 and the low-k 
film 13 are etched together at once to form a via hole 16 (Fig. 3D), and 
patterning for an interconnection groove is conducted using the 
photoresist film 15 (Fig. 3E). Next, the cap oxidation film 14 and the 
low-k film 13 are etched. Thereafter, the photoresist 15 is removed by 
ashing. Next, the silicon nitride film (diffusion-preventing film) 1 1 is 
etched to form an interconnection groove 17 (Fig. 3F). Then, a metal 
embedding Cu interconnection layer (second interconnection; not shown) 
is formed in the via hole 16 and the interconnection groove 17. Thereafter, 
this process is repeated to form multilayer interconnection. 

In the present embodiment, the first embodiment is applied as a 
plasma etching method when the cap oxidation layer 14 and the low-k 
film 13 are etched together at once to form the via hole 16 (Fig. 3C). Thus, 
the generation of a trench in the hole pattern bottom portion of the low- 
k film 13 is suppressed, the pattern shape is stable and there is no loss of 
the diffusion-preventing barrier metal in the pattern. Therefore, short 
circuits with adjacent interconnection resulting from copper diffusion 
and the influence on a transistor can be considerably reduced. 

Also, in the present embodiment, the first embodiment is applied 
as a plasma etching method when the cap oxidation layer 14, the low-k 
film 1 3 and the silicon nitride film (diffusion-preventing film) 1 1 are 
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etched to form the interconnection groove 17 (Fig. 3F). As mentioned 
above, in the first embodiment, the evenness of the reaction product 
deposited at the pattern bottom portion is improved by raising pressure 
during etching, ions reflected by the side wall can be deterred from 
concentrating at the hole pattern bottom end portion by lowering RF 
power, and the etching speeds at the interconnection groove 17 bottom 
portion center and end portion become constant. Thus, it becomes 
possible to control the depth of the interconnection groove 17 without 
using an etch stop layer. Therefore, it becomes possible to form a 
damascene structure without an etching stopper, and interconnection 
capacity can be considerably reduced in comparison to the conventional 
dual damascene structure using a silicon nitride film or a silicon oxide 
film having a high dielectric constant for portion under the 
interconnection groove 17. 

It should be noted that the above embodiments should be 
construed to limit the present invention. An embodiment can be realized 
as far as satisfying the requirements of the invention. 

As described above, the invention provides an etching method 
where stabilization of the etching shape of a low-k film is improved and a 
semiconductor device fabricating method using this etching method. 
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